Introduction: Panoramic radiographs are routinely used in orthodontic diagnosis and treatment planning. It would be useful if these radiographs could also provide information about internal derangement (ID) of the temporomandibular joint (TMJ). Methods: The sample consisted of 168 condyles in 84 women. They underwent panoramic radiography on 1 of 3 machines and bilateral magnetic resonance imaging of the TMJ on 1 machine. Six panoramic variables were analyzed by 2-factor ANOVA to evaluate differences in condylar morphology with respect to status of the TMJ ID and type of panoramic machine. Results: Decreased condylar heights and distally inclined condyles were found in the patients with TMJ ID, irrespective of the type of panoramic machine used. The change became more severe as ID progressed to disk displacement without reduction. Conclusions: This study suggests that some panoramic variables can help the clinician identify patients with potential ID. (Am J Orthod Dentofacial Orthop 2006;129:479-85) 
P
anoramic radiography is routinely used in orthodontics because it provides general information about teeth, mandible, and other regions of the jaw. Panoramic radiographs also yield replicable results, have a favorable cost-benefit relationship, and expose patients to relatively low doses of radiation. [1] [2] [3] Various imaging modalities are available for assessing changes in temporomandibular joint (TMJ) morphology and function, 4 including plain radiography, tomography, computed tomography, arthrography, and magnetic resonance imaging (MRI). Conventional radiographic methods are generally recommended initially, with the more sophisticated methods reserved for certain patients. Panoramic radiography has been used as the initial imaging technique for TMJ screening when the clinical examination suggests some form of joint pathology.
However, the use of panoramic radiographs for TMJ imaging is still controversial. 5 Some studies found the method reliable in depicting condyles, 6, 7 whereas others showed that the findings on panoramic radiographs were not related to clinical TMJ signs and symptoms, possibly because of misinterpretation of distortion effects as signs of temporomandibular disorders. 8, 9 Panoramic radiography is not usually used in diagnosing internal derangement (ID) of the TMJ because of its inability to visualize disk, joint space, and fossa.
Recently, bony changes were found on the articular surface of the mandibular condyle in patients with TMJ ID. 10, 11 In addition, deviations in form and morphology are more common in the lateral third of the condyle. 12 This means that panoramic radiography might be used to diagnose TMJ ID, because it depicts the lateral and medial thirds of the condylar head. 13 If some characteristic findings from panoramic radiography suggest ID, this might further increase the diagnostic value of panoramic radiography in orthodontics.
Quantitative measurements on panoramic radiography are difficult because of magnification differences and image distortions.
14 However, the reproducibility of vertical and angular measurements is relatively acceptable if the patient's head is correctly positioned in the equipment. 15, 16 In this regard, some quantitative methods have been used for linear measurements, such as tooth length, 15 edentulous ridge height, 14 and mandibular and condylar dimensions. 5, 17 We measured the panoramic variables quantitatively, and the results were compared with those of an MRI. The aim of this study was to find the panoramic variables that provide information on TMJ ID independent of the panoramic machine, by using MRI as the gold standard.
MATERIAL AND METHODS
Our subjects were women over the age of 17. Men were not included to prevent skewing the measurements with sex-related size differences. None of the subjects had previously been diagnosed with juvenile rheumatoid arthritis. Each subject had a primary complaint of malocclusion, and a routine panoramic radiograph was taken for the orthodontic records. Irrespective of TMJ status, each subject consented to a bilateral high-resolution MRI in the sagittal (opened and closed) and coronal (closed) planes to evaluate the TMJ. The institutional review board of the University Hospital approved the research protocol.
The MRIs were obtained with a Signa Horizon (GE, Waukesha, Wis) operating at 1.5 T and a unilateral 3-in surface receiver coil (GE). Initially, the axial scout images were obtained at the level of the TMJ to identify the long axes of the condyles. The nonorthogonal sagittal sections were obtained perpendicular to the condyles, and the nonorthogonal coronal oblique sections were also obtained. The closed-mouth images were obtained at maximum dental intercuspation, and the open-mouth images were taken at maximum unassisted vertical mandibular opening by using a Burnett bidirectional TMJ device (Medrad, Pittsburgh, Pa). T1-weighted 600/12 (repetition time [TR] ms/echo time [TE] ms) and proton-density 4000/14 (TR ms/TE ms) pulse sequences were performed in the sagittal plane by using a 3-mm slice thickness, a 10-cm field of view, 2 excitations, and an image matrix of 254 ϫ 192 pixels. T1-weighted 500/12 (TR ms/TE ms) pulse sequence was performed in the coronal plane under the same conditions.
A radiologist experienced in interpreting TMJ MRIs and an orthodontist interpreted the images. The TMJ disc position was divided into 3 categories according to the following criteria.
1. Normal disc position (Fig 1, A and B ) . In the closed-mouth position, the intermediate zone of the disc was interposed between the condyle and the posterior slope of the articular eminence, with anterior and posterior bands equally spaced on either side of the condylar load point.
2. Disc displacement with reduction (DDR). The disc was anteriorly displaced relative to the posterior slope of the articular eminence and the head of the condyle (Fig 1, C) . However, the disc was reduced on mouth opening (Fig 1, D) . 3. Disc displacement without reduction (DDNR). The disc was anteriorly displaced relative to the posterior slope of the articular eminence and the head of the condyle (Fig 1, E) , but without reduction of the disc on mouth opening (Fig 1, F) .
The position of the disc was evaluated carefully, and some images without the clarity necessary for diagnosis of TMJ ID were rejected. A total of 119 patients were originally selected and analyzed.
The panoramic radiographs were obtained with 1 of 3 machines: Auto 2000 (Asahi Roentgen, Kyoto, Japan), Cranex DC 3 (Soredex, Orion, Helsinki, Finland), or Orthophos Plus (Sinora, Siemens, Bensheim, Germany). The patient's head was exposed in an optimum position according to the operating instructions. Only the films on which the mandibular condyles could be completely visualized were used in the study. Approximately one third of the original films (35 patients) were rejected and the final sample consisted of 168 joints of the right and left sides in 84 women (mean age, 23.5 years; range, 17.4-43.6 years).
The outlines of the condyle and the ramus on both sides of the panoramic radiograph were traced on acetate paper. A single investigator (S-J.A.) traced all radiographs. The tracings were digitized with a digitizer interfaced with a desktop computer. Seven landmarks were digitized on each side, from which 6 variables (3 linear, 1 angular, and 2 ratio measurements) were calculated from each side. The linear measurements consisted of ramus height, condylar height, and condylar head height, the angular measurement was condylar head angle, and the ratio measurements were condylar-head to ramus-height ratio and condylar-head-height to ramus-height ratio (Fig 2, Table) . The positions of all landmarks and their measurements are shown in Figure 2 . To analyze differences in the variables and the interaction effects with respect to status of the TMJ ID and type of panoramic machine, 2-factor ANOVA was used. The Duncan multiple comparisons test was performed at a significance level of ␣ ϭ 0.05 (Table) .
To test the magnitude of the measurement error, the panoramic radiographs of 15 randomly selected patients were measured again. According to Dahlberg's formula, 18 the errors were 0.21 to 0.95 mm for the linear measurements, 0.92°for the angular mea-surements, and 0.35 to 0.80 for the ratio measurements.
RESULTS
The Table shows the differences in the panoramic variables with respect to the status of TMJ ID and type of panoramic machine. The left and right panoramic variables were pooled, because there was no marked statistical difference between left and right condyles. The 2-factor ANOVA showed that the status of TMJ ID had significant effects on the panoramic variables except for ramus height, Intermediate zone of disc (arrow) was interposed between condyle (Co) in both positions. DDR to condyle in C, closed-mouth, and D, open-mouth sagittal images. Disc (arrow) was anteriorly displaced relative to posterior slope of articular eminence (Em) and head of condyle (Co). However, disc was reduced on mouth opening. DDNR to condyle in E, closed-mouth, and F, open-mouth sagittal images. Disc (arrow) was anteriorly displaced relative to posterior slope of articular eminence (Em) and head of condyle (Co), but without reduction of disc on mouth opening.
whereas type of panoramic machine had no significant effect on the panoramic variables except for condylar height. This indicates that some variables can provide information on TMJ ID, irrespective of the type of panoramic machine.
The statistical differences among the status of TMJ ID were mainly due to discrepancies between normal disc position and DDNR. Condylar head height, condylar head angle, and condylar-head-height to ramus-height ratio showed that skeletal changes evidently appear when ID progresses to DDNR (Table) . The subjects with DDNR had small and distally inclined condyles compared with those with either normal disc position or DDR. Only condylar height and condylar-height to ramus-height ratio identified the differences among normal disc position, DDR, and DDNR, although there were some differences according to type of panoramic machine.
The panoramic values in the Orthophos Plus machine were generally small compared with the other panoramic machines (Table) . This could be explained by differences in magnification, because different panoramic machines have different projection geometry. However, the relationships between TMJ ID and panoramic variables were not influenced; this might be due to the uniform relationship between TMJ ID and panoramic variables irrespective of the panoramic machine (Table) . It could also be due to the relatively small difference in panoramic values among the machines.
The interaction effect between type of panoramic machine and status of ID was shown only in ramus height. This means that ramus height can be influenced by interaction between the type of panoramic machine and the status of ID. This can be explained by the fact that ramus height is influenced by various factors, such as the depth and position of the mandibular notch, and the inclination of the ramus and the ramus tangent. However, ramus height did not show statistical significance with respect to the type of panoramic machine and the status of TMJ ID.
DISCUSSION
Dental panoramic radiography is a good technique to visualize the bony components of the TMJ and the ascending rami in the mandible because of cost and clinical effectiveness.
1,2,5 Although panoramic radiography depicts only the lateral and medial thirds of the condylar head, 13 bony lesions occur more frequent in the lateral third. 12 In addition, panoramic radiography has been reported to be reliable in depicting the condyle and in screening for TMJ abnormalities. 6, 7 However, image distortion and projection artifacts are limitations as a result of the nonlinear variation in the magnification at the different object depths. 15, 16, 19 These distortion and projection artifacts can be misinterpreted as signs of TMD. 8, 9 Even though the use of panoramic radiography is connected to those methodological pitfalls, some quantitative methods have been used to measure the vertical dimension, the angle, and the ratio. 5, [15] [16] [17] These dimensions are known to be relatively reliable compared with the horizontal dimension. In this study, 3 vertical, 1 angular, and 2 ratio measurements on panoramic radiography were used to evaluate the association between TMJ ID and the panoramic findings.
We also found some differences in the linear measurements according to type of panoramic machine (Table) . The linear measurements of the Orthophos Plus machine were smaller than those of the other 2 machines. However, these differences did not influence the relationships between the status of TMJ ID and the panoramic variables, because the relationship was uniform irrespective of the machine.
This study showed that TMJ ID is associated with skeletal changes in the mandibular condyle on panoramic radiography, although different panoramic machines were used. The subjects with DDNR had statistically significantly lower condylar heights and distally inclined condyles compared with those with DDR or normal disc position, irrespective of the panoramic machine. The subjects with DDR also had slightly less condylar height and greater condylar head angles than those with normal disc positions, but the amount of change was less than that between DDR and DDNR (Table) . Only condylar height and condylar-height to ramus-height ratio were statistically significant between normal disk position and DDR. This is consistent with previous studies. 10, 11, 20 Morphological changes of the mandibular condyle are reported in patients with TMJ ID. Kurita et al 10, 11 evaluated resorption of the superolateral pole of the condyle using MRI. They reported that resorption of the superolateral pole of the condyle was highly prevalent in TMJs with advanced disc displacement and disc deformation.
It appears that the condyle begins to change while ID develops to DDR from normal disc position, because condylar height begins to change from normal disc position to DDR. This was verified by a decrease in the condylar-height to ramus-height ratio in the subjects with DDR compared with those with normal disc positions. More substantial changes can occur in the condylar region, if ID progresses to DDNR. The subjects with DDNR showed changes in condylar shape and loss of the vertical dimension as a result of severe erosion and hard-tissue remodeling. Small and distally inclined condyles were evident in the subjects with DDNR (Fig 3) . This means that the effects of DDR were of lesser magnitude, without severe deformation compared with those with DDNR. Hard-tissue remodeling and bony degenerative changes were reported to be the radiographic characteristics of the final stage in TMJ ID. 21 This study showed an association between TMJ ID and panoramic variables, although the cause-andeffect relationship between TMJ ID and changes in panoramic variables is unclear. Altered preexisting condylar shape might cause TMJ ID, or TMJ ID might cause altered condylar shape. Some patients might have TMJ ID even before condylar degeneration. Nevertheless, this study suggests that TMJ ID a Two-way factorial ANOVA and Duncan's multiple comparisons were used to evaluate differences in condylar morphology with respect to status of TMJ ID and type of panoramic machine: NS, not significant; *P Ͻ .05; **P Ͻ .01; ***P Ͻ .001. Duncan's method at significance level of ␣ ϭ 0.05 used for multiple comparisons between different groups.
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can affect mandibular morphology-particularly the mandibular condyle. The subjects with DDR showed decreased condylar heights compared with those with normal disc positions. These changes became increasingly worse as the subjects' conditions progressed to DDNR. This was supported by previous studies; patients with DDNR had osseous changes in the condylar heads, but these changes were less frequent in patients with DDR. 22, 23 Although it has some shortcomings, such as the inability to visualize the soft structures, and distortion and magnification of the image, 1,3 panoramic radiography is recommended as the initial imaging technique for assessing the TMJ when a clinical examination suggests some form of joint pathology. In addition, panoramic radiograph should be taken routinely before orthodontic treatment. These were the main reasons for choosing panoramic radiography in this study. We suggest that a quantitative evaluation of the panoramic radiography can provide valuable information to supplement that obtained from a qualitative evaluation for an initial assessment of TMJ ID, despite the shortcomings. Women with decreased condylar heights and distally inclined condyles must be screened carefully, because they might have TMJ ID. In addition, the type of panoramic machine did not influence these results. It is possible to diagnose TMJ ID accurately based on the combined evidence from the panoramic radiographs and the patient's history and physical examination.
CONCLUSIONS
This study was performed to analyze the relationship between TMJ ID and panoramic variables by using MRI as the gold standard. We found some differences in condylar morphology and shape in the subjects with TMJ ID compared with those with normal TMJs. Decreased condylar height and distally inclined condyles were found in the patients with ID. These changes became increasingly severe as ID progressed to DDNR via DDR. In addition, these changes were found irrespective of the type of panoramic machine used in this study. Our results suggest that TMJ ID might play a role in the changes in the condyle, and some panoramic variables can assist clinicians in discriminating between patients with potential ID. 
